Current models of affective processing postulate that not only valence but also the arousal dimension characterizes the emotional experience. However, up-to-date research on affective priming has mainly focused on the contributions of valence congruency to priming. In this study, the authors explored the possible influence of arousal in priming processes. For this purpose, event-related potentials and reaction times were measured in response to high-and low-arousing positive targets that were either congruent or incongruent in arousal with a prime word. Priming arousal did not influence reaction times. By contrast, the processing of high-arousing targets was facilitated by a previous exposure to a congruent prime, as reflected by the reduction in the amplitude of a late positive component around 500 ms that has been thought to reflect attentional and memory processes. These results diverge from the findings of previous studies that primed valence and suggest a differential contribution of arousal and valence to affective priming.
Although the valence dimension has been the focus in affective priming research, current theoretical models claim that not only valence but also the degree of activation associated with a stimulus, the so-called arousal dimension, plays an important role in affective processing (Lang, Bradley, & Cuthbert, 1997) . Indeed, the results of several studies suggest that arousal might be even more relevant than valence at some stages of affective processing (e.g., Carretié, Martín-Loeches, Hinojosa, & Mercado, 2001; Dillon, Cooper, Grent-'t-Jong, Woldorff, & La Bar, 2006; Rozenkrants, Olofsson, & Polich, 2008) . In this regard, several eventrelated potential (ERP) studies with a variety of tasks have shown that valence influences are observed for early components whereas arousal influences occur for late components (Olofsson & Polich, 2007; Rozenkrants, Olofsson, & Polich, 2008) . In accordance with this view, both positive and negative high-arousing stimuli recurrently elicit enhanced amplitudes in the late positive component (LPC) as compared to neutral stimuli using pictures (Carretié, Hinojosa, Albert, & Mercado, 2007; Cuthbert, Schupp, Bradley, Birbaumen, & Lang, 2000; Delplanque, Silvert, Hot, Rigoulot, & Sequeira, 2006; Schupp, Stockburger, Codispoti, Jünghofer, Weike, & Ham, 2007) and words (Carretié, Hinojosa, Albert, López-Martín, de la Gándara, Igoa, & Sotillo, 2008; Herbert, Kissler, Junghöfer, Peyk, & Rockstroh, 2006; Kanske & Kotz, 2007) as stimuli. Few studies have also compared the processing of stimuli with the same valence but different levels of arousal (Carretié et al., 2001; Rozenkrants et al., 2008) . For instance, using an oddball task, Rozenkrants and coworkers (2008) found larger amplitudes of the LPC elicited by both positive and negative high-arousing pictures as compared to positive and negative lowarousing images, respectively. The modulations of the amplitude of the LPC for high-arousing stimuli are thought to reflect the functional mobilization of attentional resources and the activation of the motivational circuits in the brain that mediate emotional engagement (Bradley & Lang, 2007; Schupp et al., 2007) .
It seems thus that the arousal dimension is at least as relevant as the valence dimension in the study of affective processing. However, the effects of arousal remain unexplored in some areas of research that show a bias toward the study of valence. Priming research, which constitutes the focus of interest of this study, is a good example. In semantic priming tasks, the processing of a target word is facilitated when primed by a semantically related word. This facilitation is reflected by a reduction in the reaction times for those word pairs that are semantically related as compared to pairs with no semantic relation (e.g., Davenport & Potter, 2005; Neely, 1977) . In ERP research, the main finding has been that the processing of semantically unrelated targets as compared to the processing of related target words is associated with an enhanced negative component in right centroparietal electrodes around 400 ms after the presentation of the stimulus (the N400). The underlying mechanisms for this N400 priming effect have been interpreted in terms of integration of semantic information (Brown, Hagoort, & Chwilla, 2000; Chwilla & Kolk, 2005) or spreading activation (Deacon, Hewit, Yang, & Nagata, 2000; Kiefer, 2002; Kiefer & Brendel, 2006) , a fast-acting process in which previously activated semantic nodes activates linked semantically related nodes, with this activation fading away after 400 ms (Dien, Franklin, & May, 2006; Neely, 1977) .
Interestingly, affective priming effects have been consistently reported using behavioral measures. In this regard, the processing of a target word that is congruent in valence, either positive or negative, with a previously presented prime is speeded (e.g., De Houwer, Hermans, Rothermund, & Wentura, 2002; Fazio, Sanbonmastsu, Powell, & Kardes, 1986; Spruyt, Hermans, De Houwer, Vandromme, & Eelen, 2007; see Fazio, 2001 for a review). Affective priming is observed with both auditory and visual presentations of stimuli and seems to be also generalized to a variety of tasks including affective categorization (Carroll & Young, 2005; Hermans, De Houwer, & Eelen, 2001) , category judgments (Calvo & Nummenmaa, 2007) , lexical decision (Haenze & Hesse, 1993; Rossell & Nobre, 2004 ), or pronunciation (De Houwer & Randell, 2002 Spryut et al., 2007) , both under optimal and suboptimal conditions of stimulation (Murphy & Zajonc, 1993; Rotteveel, de Groot, Geutskens, & Phaf, 2001 ). Contrary to other types of priming, affective priming effects are short lived in time. In this regard, short interstimulus intervals (100 ms) and short stimulus onset asynchronies (300 ms) seem to be critical parameters to obtain reliable affective priming effects Hermans, Spryut, & Eelen, 2003) . The mechanisms underlying affective priming have been related to the spreading of activation that leads to a facilitated encoding of the affectively congruent target (De Houwer & Randell, 2002; Fazio, 2001; Pecchinenda, Ganteaume, & Banse, 2006 ). An alternative view postulates that an activation of memory postsemantic representations of affectively related stimuli associated with the evaluation of the primed word is on the basis of affective priming (Hermans, De Houwer, & Eelen, 1994; Spryut et al., 2007; Wentura, 1999) .
In ERP research, N400 effects have been reported for written words that were incongruent with the emotional prosody of a previously spoken sentence (Schirmer & Kotz, 2003) and for spoken words that were incongruent with the emotional prosody of the speaker (Schirmer, Kotz, & Friederici, 2002) . Of particular interest for the purpose of our experiment is a recent study that investigated the effects of linguistic affective priming in the valence dimension with ERPs (Zhang, Lawson, Guo, & Jiang, 2006 ; see also Li, Zinbarg, Boemh, & Paller, 2008 , for affective priming of facial expressions). In this study the authors visually presented neutral and both positive and negative affectively congruent and incongruent trials. Prime stimuli could be either words or pictures. They found that affective priming was indexed by a N400 component with affectively incongruent trials showing larger amplitudes than congruent trials in the word as a prime but not in the picture as a prime condition. Based on their data, Zhang and collaborators concluded that the N400 effect found in semantic priming studies should be extended to affective priming.
Thus, it seems that ERPs are a well-suited methodology when trying to explore the affective aspects involved in priming. However, up-to-date such exploration has been limited to the influence of the valence dimension. The objective of this study is to explore whether the facilitation effects found for valence in affective priming research are extensive to target words that are primed in arousal. To get a better characterization of this phenomenon, we will take both behavioral (reaction times) and electrophysiological (ERPs) measures. Arousing and relaxing words that shared a similar valence were selected for this purpose. Participants had to evaluate whether the second word on a pair referred to either an arousing or a relaxing concept. Based on previous literature, incongruent-arousal trials should elicit enhanced N400 amplitudes as compared to congruent-arousal trials. In addition, because arousal manipulations with pictures have shown to influence the amplitude of the LPC we would expect modulations in this component.
Method

Subjects
Thirty-four native Spanish speakers (30 female) participated in the study as volunteers. Their mean age was 22 (ranging between 20 and 32 years), and they all were right handed according to the Edinburgh Handedness Inventory (Oldfield, 1971) . All subjects reported normal or corrected-to-normal vision.
Stimuli
Word pairs were made based on four pools of stimuli: 20 high-arousing prime names (e.g., Victoria/Victory; Sexo/Sex), 20 low-arousing prime names (e.g., Masaje/Massage; Cama/Bed), 20 high-arousing target names (e.g., Sueldo/Salary; Euforia/ Euphoria), and 20 low-arousing target names (e.g., Paz/Peace; Estrella/Star). In all cases, the valence of the words was positive. In a previous phase, a 720-names list, divided in three sets (240 words each) was evaluated by 45 (15 for each set) subjects (different from those who participated in the ERP study), who rated the valence, arousal and concreteness of each word in a 9-point scale (being 9 very positive, very activating, and very concrete, respectively). Division of the 720 words into three sets was made because of the long time that assessing all words would take to a single sample of subjects. Words that were presented to participants in the ERP study were selected according to several criteria that were contrasted with one-way analysis of variance (ANOVA; see Table 1 ) and post hoc analyses with the Bonferroni correction (␣ Ͻ .05): (a) All names belonging to the four pools were matched in valence; (b) high-arousing primes and targets were equated in and arousal; (c) low-arousing primes and targets had also a similar arousal; (d) high-arousing primes and targets differed in arousal from low-arousing primes and targets; (e) all words were equated in frequency of use in Spanish (Alameda & Cuetos, 1995) ; and (f) finally, all names were matched in word length and had similar ratings in the concreteness scale. Table 1 summarizes mean ratings for each of the four pools of stimuli in every dimension, as well as mean word frequency and length.
There were 160 trials consisting of prime-target pairs created: 40 high-arousing congruent prime-target pairs (arousing primearousing target), 40 low-arousing congruent prime-target pairs (relaxing prime-relaxing target), 40 high-arousing incongruent prime-target pairs (relaxing prime-arousing target), and 40 lowarousing incongruent pairs (arousing prime-relaxing target). Special care was taken to rule out semantic or associative relationships between primes and targets beyond the level of arousal. Sixteen subjects who did not participate in the ERP study rated the relationship in the level of activation between the members of each pair of words in a 7-point scale (with 1 being the absence of relationship and 7 the maximum relationship). The results revealed that high-and low-arousing congruent pairs had a similar semantic relationship (mean punctuations: 4.5 and 4.7, respectively). The same was true for the high-and low-arousing incongruent word pairs (mean punctuations: 3.3 and 3.6, respectively).
Although in different pairs, prime and target words were presented four times during an experimental session. Repetition effects have been found to modulate brain waves by increasing the amplitude of several components after the first presentation of stimulus (Doyle, Rugg, & Wells, 1996; Rugg, Mark, Walla, Schloerscheidt, Birch, & Allan, 1998) . However, it seems that the amplitude is not affected after the second presentation of the stimuli, so no changes are noticeable in successive presentations of the same stimuli. Moreover, in the case of emotional stimuli this effect seems to be homogeneously distributed and there is no evidence for differential repetition modulation among affective stimulus categories (Olofsson & Polich, 2007; Rozenkrants et al., 2008) . Even though these findings preclude from attributing to repetition effects any possible modulation of the ERPs that differentiates between trial types, participants were instructed to read a list with all the words before the practice sequence. Thus, once the experiment started none of the words were presented for the first time to participants.
Procedure
All 160 trials were presented to every subject in two separate sequences with the same proportion of high-and low-arousing congruent trials and high-and low-arousing incongruent pairs. The order of presentation of these sequences was counterbalanced across participants. Each trial began with a fixation point presented for 500 ms. Following the fixation, a prime word was presented for 200 ms and was replaced by a white screen for 100 ms, immediately followed by a target word for 300 ms. The intertrial interval was 2,500 ms. Participants were instructed to silently read the first stimulus but only respond to the second word. They had to press a button in a device whenever the target name was arousing or an alternative button whenever it was relaxing. Participants were told to respond as quickly and accurately as possible and to minimize blinking. A 5-min break was allowed between the two test sequences. A practice sequence was presented before the first experimental sequence. As already explained, with the purpose of minimizing confounding repetition effects participants read aloud in a paper list the 160 words used in the experiment before the practice sequence.
Data Acquisition
Electroencephalographic data were recorded using an electrode cap (ElectroCap International) with tin electrodes. A total of 58 scalp locations homogeneously distributed all over the scalp were used (see Figure 1) . All scalp electrodes, as well as one electrode at the left mastoid (M1), were referenced to one electrode placed at the right mastoid (M2). Bipolar horizontal and vertical electrooculogram was recorded for artifact rejection purposes. Electrode impedances were kept bellow 3 K⍀. The signal was recorded continuously with a bandpass from 0.1 to 50 Hz (3 dB points for Ϫ6dB octave roll-off) and digitization sampling rate was set to 250 Hz.
Data Analysis
Trials with reaction times (RTs) longer than 1,500 ms or shorter than 200 ms were not included in the analyses. In addition, those trials with incorrect responses were eliminated. RTs and error rates were analyzed by means of repeated measure ANOVAs with two within subjects factors: Arousal congruency (two levels: congruent and incongruent) and Target Type (two levels: high-and low-arousing words). Notes. The word length (number of syllables) and word frequency are also provided. The last row shows the results of the statistical analyses concerning each of these variables (n.s. ϭ nonsignificant). ANOVA ϭ analysis of variance. Average ERPs from Ϫ100 to 800 ms after the presentation of every type of target stimulus were computed separately. Those epochs with artifacts other than eye movements were removed after visual inspection. Offline correction of eye movement artifacts was made, using the method described by Semlitsch, Anderer, Schuster, and Preelich (1986) . For the entire sample of electrodes, originally M2-referenced data were rereference to the average of the mastoids. Overall, repeated-measure ANOVAs were first performed for comparing amplitudes between the ERP pattern elicited by congruent high-arousing, congruent low-arousing, incongruent high-arousing, and incongruent low-arousing target words. Amplitude was measured as the mean voltage within a particular time interval. To avoid a loss of statistical power when repeated measure ANOVAs are used to quantify large number of electrodes (Oken & Chiappa, 1986) , 11 regions of interest (ROIs) were computed out of 58 electrodes. These ROIs are shown in Figure 1 .
Three within subjects factors were included in the ANOVA: Arousal congruency (two levels: congruent and incongruent), target type (two levels: high-and low-arousing words), and ROI (11 levels). The Greenhouse-Geiser epsilon correction was applied to adjust the degrees of freedom of the F-ratios where necessary. All significant ANOVA effects were supplemented with post hoc analyses with the Bonferroni correction (␣ Ͻ .05).
Results
Behavioral Data
There were 5,440 epochs (40 averages per each of the four stimulus types in 34 participants), and 4.5% of them were eliminated for incorrect or delayed responses. Mean number of errors were 1.9 (SEM ϭ 0.43) for congruent high-arousing targets, 2 (SEM ϭ 0.36) for congruent low-arousing names, 2.1 (SEM ϭ 0.48) for incongruent high-arousing targets, and 1.2 (SEM ϭ 0.31) for incongruent low-arousing words. No significant effects were found for the factor Arousal congruency (F(1,33) ϭ 1.22; p Ͼ .05). Mean RTs were 752 ms (SEM ϭ 25.55) for congruent high-arousing targets, 749 ms (SEM ϭ 21.86) for congruent lowarousing names, 753 ms (SEM ϭ 27.09) for incongruent higharousing targets, and 760 ms (SEM ϭ 23.25) for incongruent low-arousing words. Although incongruent trials were associated to longer RTs, these differences were not significant as revealed by the lack of effect for Arousal congruency (F(1,33) 
Electrophysiological Data
A selection of the grand averages for congruent high-arousing, congruent low-arousing, incongruent high-arousing and incongruent low-arousing target words are shown in Figure 2 . Two main waves were noticeable. The first of these waves was a negative component with an onset around 300 ms after stimulus presentation (N400). The second wave was a positive component peaking around 500 ms after stimulus onset (LPC). For statistical purposes, the amplitude of the N400 was measured in the 300-to 400-ms time interval and the amplitude of the LPC in the 450-to 550-ms time interval. As indicated in the introduction, our aim was to study the effects of priming arousal, so only the contrasts concerning the factor Arousal congruency or its interactions are further considered. 
300-to 400-ms effects (N400).
The results of the overall ANOVA showed no significant effects for the Arousal congruency factor (F(1,33) ϭ 1.58; p Ͼ .05) or the interaction between Arousal congruency ϫ Target type (F(1,33) ϭ 1.08; p Ͼ .05). These results suggest that there were no effects related to arousal priming in this time-window.
450-to 550-ms effects (LPC).
The overall ANOVA revealed a significant main effect of Arousal congruency (F(1,33) ϭ 5.34; p Ͻ .05). The interaction between Arousal congruency and Target type (F(1,33) ϭ 5.34; p Ͻ .01) was also significant. To explore this interaction, two post hoc analyses with the Bonferroni correction were conducted after collapsing activity across all the regions. High-arousing incongruent words elicited enhanced positive effects as compared to high-arousing congruent words ( p ϭ .001). By contrast, the activity associated with low-arousing congruent and incongruent targets did not differ ( p ϭ .72). Figure 3 illustrates these effects at a representative electrode, as well as the topography of the difference wave after subtracting the activity elicited by high-arousing incongruent target from that elicited by high-arousing congruent targets.
Discussion
In this study we aimed at investigating the possible correlates of priming the arousal dimension of emotion. The main finding is that the processing of high-arousing congruent as compared to higharousing incongruent targets was associated with reduced amplitude of a LPC between 450 and 550 ms after stimulus onset. This effect showed a wide distribution over the scalp. No differences were noticeable either in an earlier negative component between 300 and 400 ms after the presentation of targets or in behavioral measures. In addition, there were no differences in either ERPs or RTs between low-arousing congruent and low-arousing incongruent targets. This pattern of results contrasts with that reported in previous studies that investigated the contributions of valence to affective priming. It seems thus that arousal and valence exert a different influence in priming processing, as we will discuss in detail.
Although RTs were generally shorter for congruent than incongruent arousal conditions, this difference did not reach statistical significance. By contrast, shorter RTs for congruent as compared to incongruent trials have been typically reported when the valence dimension has been primed (e.g., Rossell & Nobre, 2004; Spryut et al., 2007; but see De Houwer and Randell, 2002; Klauer & Musch, 2001; Storbeck & Robinson, 2004) . To our knowledge, this is the first time that the contribution of arousal to priming processes is systematically studied and our data indicate that arousal and valence do not produce pararell effects. Some authors have claimed that RTs are sensitive to participants' decision-making processes and task-related strategies (Kounios & Holcomb, 1992; Zhang et al., 2006) . In this regard, shorter RTs for trials congruent in valence have been consistently reported when using valence categorization (Carroll & Young, 2005) or lexical decision tasks (Rossell & Nobre, 2004) but not when using pronunciation tasks (e.g., Bargh, Chaiken, Raymond, & Hymes, 1996; De Houwer & Randell, 2002; Spryut, Hermans, Pandelaere, de Houwer, & Eelen, 2004) , so valence effects seem to be deeply influenced by task characteristics and the strategies triggered by each type of task. By contrast, the lack of differences in RTs in our study suggests that arousal does not influence priming at a decision-making level when subjects have to perform an arousal categorization task. However, further studies are needed to investigate whether this finding might generalize to the use of tasks that place demands in processes other than those involved in assessing arousal (e.g., naming or lexical decision tasks).
Differences between arousal and valence effects reported in previous studies were also noticeable during the N400 timewindow, a brain wave that has been related to the spreading of activation and semantic processing (Chwilla & Kolk, 2005; Kiefer, 2002) . In the study by Zhang and collaborators (2006) , target words that were incongruent in valence with prime words elicited enhanced N400 amplitudes than those targets that were congruent (Zhang et al., 2006) . However, no N400 differences between congruent and incongruent trials were found in our study. One possible explanation is that, as suggested by Schmidt and Saari (2007) , emotional stimuli lead to separate semantic/linguistic and Figure 3 . On the left side grand averages show the differences between high-arousing congruent and incongruent targets at one representative electrode. The topographic distribution of these effects after subtracting the activity elicited by high-arousing incongruent from congruent targets is also displayed. On the right side, the lack of differences between low-arousing congruent and incongruent targets at the same electrode is shown. emotional/affective codes that serve to distinguish emotional items in several contexts. Following this reasoning, it could be assumed that the processing of arousal information would be on the basis of these nonlinguistic emotional aspects, as the modulation of the LPC (linked to emotional coding) and the absence of N400 effects (associated to linguistic processing) found in our study suggests. By contrast, the processing of valence in a priming context would influence semantic processing to a greater extent as reflected by the modulations of the N400 found in previous studies (Zhang et al., 2006) .
In the present study, the processing of a high-arousing word was facilitated by a previous presentation of a word that had the same level of arousal. This effect was noticeable in a reduction of the amplitude of the LPC for high-arousing congruent compared to high-arousing incongruent targets. These data agree with the view that arousal level influences late waveforms (Olofsson, Nordin, Sequeira, & Polich, 2008) , because modulations of late-latency components by emotional high-arousing stimuli have been repeatedly reported for both words and pictures (e.g., Herbert et al., 2006; Keil, Bradley, Hauk, Rockstroh, Elbert, & Lang, 2002; Olofsson & Polich, 2007; Schupp et al., 2007) . The amplitude of these components was thought to reflect attentional resource allocation, stimuli evaluation and initial memory storage during the processing of affective information (Hajcak & Nieuwenhuis, 2006; Oloffson et al., 2008; Polich, 2007; Schupp et al., 2007) . Interestingly, several studies have reported that the level of arousal is specially relevant for these processes (Bradley, Greenwald, Petry, & Lang, 1992; Lang, Greenwald, Bradley, & Hamm, 1993) . In this regard, it has been shown that high levels of emotional arousal can facilitate subsequent memory via interactions between the amygdala and hippocampal memory system (Dolcos, La Bar, & Cabeza, 2004; La Bar & Phelps, 1998; Richardson, Strange, & Dolan, 2004) . Similar mechanisms might be appealed to account for our data. It is likely that the access to the memory representation for the target word is facilitated by a previous exposure to a similar high-arousing prime stimulus. Therefore, the reduced LPC amplitude found in our study may be reflecting a diminution in the amount of attentional resources that are needed to process higharousing targets since the processing of such stimuli is facilitated by a recent and congruent memory representation of a higharousing prime. This interpretation also fits well with the results of several ERP studies investigating different priming modalities that reported reductions of the amplitude of several components, such as the N400 or the LPC, in congruent as compared to incongruent trials (Kiefer, 2005; Kiefer & Brendel, 2006; Zhang et al., 2006) .
A final word should be devoted to the lack of differences between low-arousing congruent and incongruent targets. This finding is in agreement with the results of several studies that reported weak modulations of the LPC for low-arousing pictures (Carretié et al., 2001; Rozenkrants et al., 2008) . Thereby, differences between the processing of high-and low-arousing pictures found in several studies with nonpriming tasks seems to generalize to words primed in arousal. Our data also suggest that low-arousal primes are not able to capture enough attentional resources to modify memory representations that facilitate the forthcoming processing of stimuli with similar levels of arousal.
In conclusion, it seems that arousal and valence influence affective priming in a different way. Our findings are more likely to support the view that arousal modulate attentional and memory-related mechanisms operating at a postsemantic level. By contrast, it is generally assumed that automatic spreading activation processes at a semantic level would explain valence effects reported in affective priming research (De Houwer & Randell, 2002; Pecchinenda et al., 2006) . The results of our study suggest that considering the contribution of arousal is of a great importance when trying to characterize the affective priming effect.
